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A rather large nunber °* P*P®” ‘^°'b™ndary of the middle 

pheric D region, which is situated fl „ it P ^ 8 the phenomenon of D region 

tmosphere. Thie ha* a historical root, Appleton more than forty years 
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sight region between 75 and 85 to £ . yel d ^, t0 ph otoionization of the 
ltitudes, ion production is a *®° ox } de (K0 ) by qua si-monochromatic solar 
yman-alpha^thai'radiation^ so that the equilibrium formula for the electron 
ensity , H, in this case takes the simple form 
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Figure 1. Upper part: Ratio (per cent) of clustered 

ions to total electron density near 80 km in mid- 
latitude winter, for different temperatures. - 
Lower part: Temperature dependence of effective 

recombination coefficient, a uff , derived from the 
curves shown above. 


• . Finally, according to eq. (1), the electron density depends on the ritric 

Card trana^“f° n * / level, n, ;o is oainly'controlled by 5o^- 

. r ° neutral HO (or N) from the thermosphere, partly by eddy 
diffusion but probably even more efficiently by a balk tr^sport with the 

neural NO^ecuLs 1 l a-" d C “ c “! ation - the Photochemical lifetime of 

neutral NO molecules at medium and high latitudes is of the order of one day or 


The only ■ non-meteoro logical * factor in eq. (1) is the La irradiation 

(1981 n* 11 bG eithcr ^ ken from dir ect satellite measurements (e.g., HINTERECCER 
(1981)), or parameterized as a function of solar activity parameters (c * 

turna'out J ^h (1977) ’ 80SSY 8nd NIC ?hET (1981), LEAN and SKUMANICH (1983))!' It 
• 0vev ^ r i that at least in the mid-latitude winter variability of D 

neteoroln!^ r d ^ 0ltle8 ’/ thC La contro1 is by overahadoved by the 
meteorological influences (TAUBENHEIM, 1983). 7 

.o 83 , S ap0rs 0t . the 8 y n P° sium (COSSART and PAKHOMOV, 1983; LAUTER 
1983) a ground-based measuring technique of low-frequency radio reflection 

if the nwf? Wil \ ba P-ocnted which is capable for a^a^-da ^n toring 
of the altitude at which a pre-sclectcd fixed value of electron density N 
IS attained. This technique is in use since many years continuously at ^ 
refle^io h n: ^ **?** le given in Fi S ure 2 8 h°vs how well these l.{. 

surface thus inSL f W a* Y ariations of the he£ 8 b£ ° £ the 0.01 mbar isobaric 
of the : ^ S g a donlnant Pressure control through the optical depth 

deifv eh radiation. Further, from these measurements we can easily derived 

(H84)) 3hi h r d 8tlC ;h f ■ fc ln r c * 8 ° (s P ccifiad it. more detail in UUm et al. 
80 kn height. It^deviationa °n to r day va riationa of the state of ionization at 

corr ^ ^ ^ 1 ^ ° ar ^^'^“^^i^terpreted 6 ^ 0 !^™^ 6 ©^ l the C 

*" d m •* »° >» •»*» 






3 



Af 


■ -aln p ♦ aid in Io 1 I^/H r 2 )(n K 0 /a eff )] 


(4) 


In this formula, the dominant role of 
modified to a lesser degree by a n , 
temperature) control. N0 


pressure variations is obvious, however 
(i.e., circulation) and an a (i.e., 

ef f 



-t - i i | 

D£C JAN JAN JAN JAN f£Q 

M 07 H 21 28 4 


Figure 2. Heights of the 0.01 mbar surface at a grid- 
point 60°N, 10*E taken from LABITZKE et al. (1978), 
compared with LF radio wave reflection heights ob- 
served at Kuehlungsborn, in winter 1975/76. 


. . f*E ures 3 and 4 illustrate the analysis of meteorological control in 

individual winter data series of this type. The variations of a 'relative 
electron density index' at 80 km, defined by 1 + 0.8 xU $ are presented for the 
late winter periods of 1980/81 (Figure 3) and 1981/82 (Figure 4). The step 
curveB chow the march of the 5-day (pentade) mean values of the observed data of 
Kuehlungsborn, where in both cases the second pentade of December was adopted as 
the reference level (Af * 0). The dashed curve gives the long-term average (25 
years) of these observed data. They are characterized by the midwinter 
ionization at 80 km being generally higher than in spring (and summer), thus 
representing the well-known 'average winter anomaly' of the D region. From both 
lagrams it can be noted (as well as from other years, not shown here) that 
major stratospheric warmings lead to a sudden decrease ('breakdown') of winter- 
anomalous electron densities near 80 kn (LAUTER and ENTZIAH, 1982). Further 
Figure 3 shows evidence that the extremely cold stratospheric temperatures in 
December 1980/January 1981 (cf . LABITZKE and GORETZKI, 1982) were associated 
1982) &n eXCeptl0nal enhancement of D region ionization (LAUTER and EHTZIAN, 



Figure 3. Electron dencity variations near 80 km in 
winter 1980/81, derived from ground-based radio 
observations (curves), and from model calculations 
(crosses, circles) as described in the text* 
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Figure 4. Sane as Figure 3 but for winter 1981/82, 


An approach to the interpretation of these ground-based radio data is 
represented by the crosses and open circles in Figures 3 and 4, which are values 
calculated by means of eq. (4), making use of rocket data of pressure and 
temperature measured near 80 km altitude over Volgograd (published in CAO 
BULLETIN), at a latitude comparable to those of the radio paths observed at 
Kuchlungsborn, The crosses are the first-order approximation by taking into 
account the pressure variation only (first right-hand term of eq. (4)), the open 
circles are the second-order approximation computed with both the pressure 
variation and the temperature-induced variation (as in Figure 1). 

The agreement of the crocsea and circles with the Btep curves in Figures 3 
and 4 is only partly satisfactory. Obviously, the general seasonal variation 
between December and March can be well understood in terms of the pressure and 
temperature variations. Also, the sudden increase of ionization in the second 
half of December 1980, as well as the ‘breakdown* with the stratwarm event in 
late January 1982 are clearly explainable by the combined effect of pressure and 
temperature near 80 km. The duration of the ionization excess in January 1981, 
and its sudden breakdown in the last pentade of January, however, are not well 
reproduced by the Volgograd rocket data of pressure and temperature. This may 
partly be due to the fact that Volgograd is not near enough to the Kuchlungsborn 
observation paths to expect a good point-to-point correlation. On the other 
hand, however, there is no doubt that sudden changes of neutral NO content, for 
which no data are available, will al6o sensibly influence the D region ioniza- 
tion through the second term of equation (4). A plausible scenario (TAUBDIHEIM, 
1983) predicts that variations of pressure, temperature, and NO advection rear 
80 km are jointly controlled by the circumpolar vortex of the 6trato-mesospheric 
circulation system in tna*- way, that with intensification of cyclonic vortex 
motion the mesospheric pressure is enhanced lowered, temperature enhanced, and 
downward NO transport i3 strengthened, which altogether act ‘cooperatively* in 
enhancing the D region electron density (cf. eq. (4)), and vice versa. 

Therefore we may conclude that D region electron density variations, which 
can be readily monitored by ground-based techniques, can provide an efficient 
diagnostic tool for the detection of perturbations of the circulation state of 
the middle atmosphere. 

The author is indebted to Prof. E. A. Lauter and to Dr. G. v. Cossart for 
providing the results of phase-height measurements at Kuehlungsborn. 
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